Seeds sterilized with sodium hypochlorite (NaOCl) retained sufficient amounts to interfere with studies of amino acid metabolism of the sterilized seeds during germination. Repeated washing in water did not remove NaOCl completely. However, soaking the seeds for 10 min in 0.01 N HCI removed NaOCI completely, without reducing germinability.
resulted in high production of C02 and low uptake of amino acids by the seeds. Decarboxylation of the amino acids occurred in the incubation medium outside the seed, was independent of the presence of seeds in the reaction, and therefore was not related to amino acid metabolism by the seeds. Effects of NaOCI on uptake, incorporation, and C02 production from indoleacetic acid were similar to those of the amino acids studied.
Sodium hypochlorite (NaOCl) is effective as a disinfecting and sterilizing agent against a broad range of bacteria, viruses, and fungi (4, 10, 18, 19) . Disinfecting seeds with strong solutions of NaOCl such as 5.25% (equivalent to NaOCl concentration in commercial Clorox) for 1 to several min does not reduce germinability. However, this compound has a strong oxidizing property which makes it highly reactive with amino acids (2, 7) , nucleic acids (6) , amines, and amides (16, 17) . The general reaction between amino acids and NaOCl produces the respective aldehyde, NH4CL and CO2 (7, 14) . These reports led me to investigate the effects of small amounts of NaOCl on metabolism of amino and organic acids by the seed.
I report on reactions between NaOCl and several amino and organic acids and the effects of these reactions on uptake, and incorporation of these acids into protein. I Calif.) was the source of NaOCl, and all concentrations used were dilutions of the original commercial preparation which contained 5.25% NaOCl. The following amino and organic acids (New England Nuclear) were used: L-leucine-U-'4C (220 mc!mmole), L-leucine-1 -4C (15 mc/mmole), L-tyrosine-U-'4C (300 mc/mmole), L-lysine-U-'4C (220 mc/mmole), L-aspartate-U-'4C (150 mc/mmole), L-histidine-U-'4C (155 mc/mmole), acetate-1-"4C (50 mc/mmole), and indoleacetic acid-1-"4C (10 mc/ mmole).
Application of NaOCl. Sodium hypochlorite was introduced into the incubation media that contained amino or organic acid in one of two ways. The first was in minute quantities (4 /tmoles or less per 100 tomato seeds as determined by titration with HCl) that remained adsorbed on the seed surface as a result of soaking the seeds for 5 min in 1 % (v/v) solution of NaOCl, then draining the solution and washing the seeds several times, each time in 30 ml of sterile water (Tables I and IV) . This is the most common practice for seed sterilization in numerous laboratories (3, 8, 11, 15) . In a set of experiments (Table IV) , the seeds were disinfected with 1% NaOCl, transferred into a solution of 0.1 N HCl for 10 min, then washed eight times with water. The second way was to add specific amounts of NaOCl directly to the reaction mixture at the initial time of the reaction and to determine its reactivity with amino or organic acids during a specific time (Tables II, III, and Fig. 1 ). Seeds that were used in these reactions were not previously sterilized with NaOCl. Unless otherwise specified, NaOCl was added to a final concentration of 0.52% (v/v). This concentration produced maximum reactivity between NaOCl and solutions of 0.5 mM leucine when the reactions were carried out in air (Fig. 1) .
Incubation. Details of the contents of the incubation mixtures and durations of incubations appear under individual tables. All incubations were carried out in respiration flasks at 25 C (23 C for lettuce seeds to avoid high temperature dormancy).
The reaction was started by adding seeds. NaOCl, or both to the incubation medium which already contained the labeled acid and antibiotics. The flask was stoppered, placed in a water bath at 25 C, and shaken constantly. Carbon dioxide, produced during the incubation period, was collected on a filter-paper wick that was secured to the rubber stopper with a stainless steel pin. One drop of 14 N KOH was placed on the filter-paper wick for trapping the CO2. The reaction was terminated by transferring the flask into ice, washing the seeds several times in cold water, and holding at -20 C for extracting proteins.
Decarboxylation, Uptake, and Incorporation of Acids. Decarboxylation of amino and organic acids was determined by measuring the radioactivity that was trapped in KOH. The filter-paper wick and stainless steel pin were immersed in 1 ml of hyamine hydroxide to which scintillation solution was added and radioactivity was determined. The procedure for extracting PITFALLS IN USING NaOCI FOR STERILIZATION protein (acid-insoluble) in 10% cold trichloroacetic acid was reported elsewhere (1) .
Seed Germination. Samples of 300 seeds for each treatment (H,O, NaOCl, or NaOCl then HCI) were germinated for 5 days in a growth chamber at 22 C and 16-hr light period/day. Seeds that showed normal roots and shoots were considered germinated. Lettuce and tomato seeds were germinated in 10-cm Petri dishes using 100 seeds/dish. Barley seeds were germinated in 30 X 40 cm trays using 300 seeds per tray for each treatment. The bottom of the Petri dishes and trays contained two layers of germination paper, moistened with water.
RESULT AND DISCUSSION Decarboxylation of Leucine by NaOCl. Decarboxylation of leucine (0.5 mM) by NaOCI was established in the concentration curve shown in Figure 1 . Maximum decarboxylation was reached at 1.2 mm of NaOCl in air and 6 mm in N2. Final pH values of the leucine solutions at NaOCl concentrations of 0, 0.24, 1.2, 6 and 30 mM were 5.9, 6.3, 6.6, 8.3 and 8.9, respectively. The decreased decarboxylation of leucine at NaOCl concentrations above 6 mm was due to the alkalinity of the reaction mixture. At pH 7 and above, reactivity of NaOCl fell rapidly because most of the hypochlorous acid in the solutions remained undissociated (10) .
No attempt was made to characterize all the products of the reaction between leucine and NaOCl. However, in preliminary experiments the reactions were terminated by adding 2,4-dinitrophenylhydrazine followed by extraction with methylene chloride. Chromatography of the methylene chloride-soluble fractions on microcel-coated plates developed with hexane saturated with polyethylene glycol, showed two major labeled (Tables I and IV) , or in 0.52% concentration added to incubation media (Tables II and III) , exhibited two common features: high decarboxylation and high percentage of incorporation of the labeled amino acid into protein.
Decarboxylation of leucine (expressed as CO2) was high in all reactions that contained NaOCl (Tables I-IV) , and the reactions had no requirement for 02 (Fig. 1) . Decarboxylation proceeded equally well with and without the seeds (Table II) . This observation suggests that most of the CO2 arose from decarboxylation of leucine by NaOCl in the incubation medium outside the seed and was not part of the metabolism of leucine by the seed. In the reactions which contained ground seeds, it is likely that the fine particles provided a large surface area for adsorption of NaOCl which later reacted with leucine.
Measurements of CO2 provide a highly sensitive and simple method for determining the effectiveness of washing the seeds to remove NaOCl. In general, in the absence of NaOCl, the percentage of CO2 produced from most amino acids comprised a small part of total uptake by the tissue (Table III) . In many published reports on metabolism of amino or organic acids in seeds and tissue slices that had been disinfected with NaOCl, no data on CO2 were reported (3, 12) . In these cases, it is difficult to determine the extent to which the presence of NaOCl might have affected the data and their interpretation. In the few reports, where CO2 was measured, high decarboxylation of amino and organic acids was reported (5, 8) . In one report (13) , almost all the alanine-1-'4C fed to NaOCl-treated pea seeds appeared as C02, and no explanation was offered for this observation.
The increase in percentage of incorporation of leucine into protein by seeds in reaction mixtures that contained NaOCl appeared to result from two factors. One was the reduction in uptake of the amino acid (Table I) . The other was an actual, although slight, stimulation of incorporation into protein by NaOCl. This stimulation became evident only when NaOCl was washed away completely before incubation (acid-insoluble in Table I ). Of the two factors, reduced uptake was the major cause of increased percentage of incorporation. Apparently, uptake was reduced by decarboxylation of leucine on the surface of the seed making it less available for incorporation into protein. Through either excessive washing (Table I) or acid treatment (Table IV) more NaOCl was removed and decarboxylation, uptake, and incorporation of leucine into seed protein, in reactions that contained NaOCl approached those exhibited by the control.
Effect of NaOCI on Other Amino and Organic Acids. The effects of NaOCl on five other amino acids and two organic acids (acetate and IAA) were similar to those on leucine ( Table   Table III III). All amino acids and IAA were strongly decarboxylated in reactions that contained NaOCl, and responses were similar to those of leucine. However, NaOCl increased the uptake of the two basic amino acids (lysine and arginine) and reduced the uptake of the others. Those data confirm published information on the strong reactivity of NaOCl with amino acids (7, 14) . They also point to the strong decarboxylation of IAA by NaOCl (Table III) .
Removal of NaOCl from Seed Surface after Use. Because amino acids were reactive with NaOCl, it was important to wash away all NaOCl from the seed surface after sterilization. The present data indicate that even after several washes with water there was enough NaOCl on the seeds to alter the pattern of amino acid metabolism (Table I) . On the other hand, 0.01 N HCl for 10 min removed NaOCl completely, as evidenced by CO2 production equal to the control, without any effect on seed germinability (Table IV) . Lower concentrations were less effective and 0.1 N HCl for 10 min reduced germinability by about 10%.
The high reactivity of amino acids with trace amounts of NaOCl, and the difficulty of washing it away from seed surface with water may yield misleading data when amino acids are used in metabolic studies of NaOCl-treated seeds. Special efforts should be made to remove NaOC1 completely from seed surface before incubating in amino acids, especially when long incubation periods and high specific radioactivity, carrier-free, amino acids are used. Under such conditions the label would be depleted by reacting with NaOCl in the incubation medium before it has the chance to be taken in and metabolized by the tissue. LITERATURE CITED 49.38
